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E A
FMEA N M:,QW FAILURE MODE | FALUREEFFECTON
DRAAWING CAIT'Y C::I’I:E RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
111 ENERGY 1R 1.1.1 Damage to pole
ABSORBER Mode: during 1. Design Features. The design features which minimize the probability of this failure mode are:
ASSEMBLY (4), Fails Lo absorb | deployment il
SED27101365-301 pole force more than one a. The energy absorbers are designed 10 an ullimate safely facior ol 1.4 for all mission phases
energy absorber .
Cause: lails b. The assembly components are fabivicated of materials not conducive to corrosion  The absorber rod is
® Delective fabricated from inconel 716 in accordance with specitications AMS 5662 and 5663 The rod ts passivated alter
material machining in accordance with QQ-P-35, and dye penelrant inspecied wilh no cracks permissible Dry Jubricant s
® Corrosion applied 10 the rod and friction washers during the assembly process.

<. The [riction washers are machined [rom CRES 416 malerial, in accordance with specilication QQ-5-763,
passivated after machining, and are heat treated.

d. The body subassembly is machined from 606 1-T651 aluminum, in accordance with spea lication QQ-A-225/8,
and anodized in accordance with MIL-A-8625.

e. The retainer plug is fabricated by 1the bonding together of nylon and aluminum with Hysol adhesive the
aluminum portion is anodized alter labrication.

. The absorber design employs friction washers to accommodate expected loads Each absorber absorbs
approximately 700 tbs. of the 2800 1b. peak load that is imposed by the kick spring and grawity lorces

g. New sets ol Inclion washers are installed tn the PCES end iterns following their hinal predelivery uncontrolled

‘flemergency) deployment Lesl, i.e., Ihe [nclion washeis in PCES end items instalied in the velucle will be new and not

have been stroked.
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A
FMEA NAM:.QTY FAILURE MODE | FALURE EFFECT On
DRAWING CRT'Y c:.ﬂ's)g RATIONALE FOR ACCEPTANCE
REF § REV | REF DESIGNATION ENDITEM
1.1 ENEAGY 2R 11 Damage lo pole
ABSORBER Mode: during 2. Testing/Analyses.
ASSEMBLY {4), Fails to absorb | deployment if
SED27101365-301 pole force maore Lthan one a3  Acceptance Tesls.
energy absorbet
Cause: fails {1} Acceplance vibration test {AVT).
¢ Deflective ¢ Duration: 3 minules/axis .
materia} ¢ Levels: 20- B0 Hz, increasing 3d8/Oclave
# Corrosion 80 - 350 Hz a1 0.04g2/Ha
350 - 2000 Hz, decreasing 3dB/Octave
(2) Funcuional test (prior to and afier AVT).
¢ Initial process, controlted PCES deployment and recocking
¢ Nonconirolled deployment with equivalent aerodynamic loads on pole tip
¢ Manual deployment with ratchet assembly
b Certification Tests. {These Lests were performed al the system level )
(1) Qualification acceptance vibration Lests (QAVT).
¢ Duration: 5 times AVT, 15 minutesfanis
& Levels: 20- B( Hz, increasing 3dB/Octave
- 80- 350 Hz, a1 0.067g4/Hz
t 350 - 2000 Hz, decreasing 3dB/0Octave
{2} Funcuonal test (afler QAVT).
¢ Controlled deployment and recocking of PCES
®  Nonconirolled deployment witn equivalent aerodynamic loads on the pole up
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FMEA NnM:.OIY FAILURE MODE | FARURE EFFECTON ]
DRAWING CRIT'Y (::‘jls)g RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
1.1.1 ENERGY 21R 111 Damage to pole '
ABSORBER Mode: during {3) Flight random vibration 1ests, 48 minutes/axis, in 4 segments as loliows:
ASSEMBLY (4), Fails to absorb ] deployment if esSegmentNo. No of Missions  Vibration DurationfAxis
SED27101365-301 pole force more than one 1 6 173 sec.
energy absorber 2 19 548 sec
Cause: fails 3 25 720 sec.
® Deleclive 4 50 1440 sec.
material
& Corrosicn

& Duralion: Segment dependent {48 minutes/axis).
& Levels: 20- 150 Hz, increasing 6dB/Oclave

150 - 1000 Hz, a1 0.03g/Hz

1000 - 2000 Hz, decreasing 6dB/0ctave

{4) Life cycle tests.
& 14 controlled deployments
& bnoncontrolled deployments (which stroke the energy absorbers)

{5} Design limit {oad and ultimate limit load tests.

®  With PCES fully deployed, a series of load ramps will be applied to 1he pole tig and venified no yielding
below 100 percent of design limit

& With PCES fully deployed, a series of load ramps will be applied Lo the pole up and verhed no failure
below 140 percent (1.4 salely lactor) ol design limitloads

(6) Thermal Lesting {by analyses).
®  Ground operations: 35 10 120°F

& Normal operations: b5 10 90°F
8 Ascententry transients: 95°F maximum peak
®  Ferry light: Not applicable; PCES will be removed from Orbiter -
® lLaunchilanding emergency escapes via PCES: 1210 75°F wm
& Temperature (structure): 120°F maximum Ul:
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"
FMEA NAM:.QI\' FAILURE MODE { FAMURE EFFECTON
DRAWING CRIT'Y c::,‘llsjﬁ AATIONALE FOR ACCEPTANCE
REF § REV | REF DESIGNATION END ITEM
111 ENERGY HIR .11 Damage 10 pole {7} Fungus {by analysis).
ABSORBER Mode: during ®  Non-nutrient 1o fung in accordance with MIL-STD-8100, method 508.3 or matenals adeguately treated
ASSEMBLY (4), Fails 1o absarb | deployment if {reler to MFO004-014C, paragraph 3 1.1.¢.)
SED27101365-301 pole lorce maore than one :
energy absorber (8) Humudity {by analysis).
Cause: fails e The PCES materials list was analyzed Lo certify compliance with MFD004-014, paragraph 3 1.1 e.
® Defective
malerial {9 Sah spray {by analysis).
# Corrosion R

& The PCES materials lisl was analyzed to ceruly compliance with MFO004-014, paragraph 33 3 7.

{10)¥5andsdust (by analysis).

' e Sand .
diameter 0 0031 1o 0 039 inches -
suspended sand 1.2 Ibs. per cubic fu -
wind speed 33 fusec -
hardness 7 1o 8 Moh scale

Dust

diameter 0 0000039 10 0 00 thnches
suspended dust 3 7100 7 Ib 4eu L
wind speed 33 It/sec

hardness 7 10 8 Moh scale

{1 1)Additional certification testsfanalyses.
& Transporiation - packaging, shock, and vibration: Packaging designed and prolectlive procedures
developed in accordance with FED-STD-101
OnfoH cycle lile test [by tesung): PCES deployed 20 limes, reler Lo {4) aliove
Transient vibration [by analysis)
Structural faugue (by analysis)
Corrosion: [by analysws)
Handling shock, crash shodk, and landing shock by analyses)
Accelerauon and cabin atmosphere {by analysis)
Full life and limited life certilication (by analysis}
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AME,
FMEA N R qQry FAILURE MODE | FARURE EFFECTON
DRAWING CRIT'Y c::lzg RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
1.1 ENERGY 1R 1.11 Damage 10 pole
ABSORBER Mode: during <. TYurnaround Testing. Each PCES is subjeciled 10 a controlled functional deployment Lest, per OMRASD
ASSEMBLY (4), Fails to absorb [ deployment if requirements, every 10 missions or every 2 years, whichever occurs lirst.
SED27101365-301 pole force more than one
energy absorber | 3. iInspection/QA/Manulaciuring.
Cause: lails
@ Defeclive 3. AlIPCES labrication, assembly, and Lest activities were performed under the junsdiction of the NASA JSC Quality
malerial Assurance (QA) Division in accordance with JISCM 5312 SR&QA Manual Requirements QA surverllunce was provided lor
® Corrosion

procurement, planning, processing, fabrication, assembly, cerlificalion Lesting, and acceptance tesing. One hundred
percent mandalory inspection poinls were employed in the fabrication, assembly and acceplunce process

b Receiving inspection verified thal matecials provided by suppliers were as identified on the procurement

documents, and thal data was provided atiesting 10 the traceability and acceptability ol maierials and components
received from suppliers.

<. The energy absorber assembly components were fabricated of aerospace approved matenals by tramned
technicians. QA inspections performed during the fabrication, assembly, tesling, and acceptance process prior 1o
delivery verified:

{1} Use of correct, approved matenals
{2} Dimensional Lolerances spealied on design drawings
{3) Cieaning of parls and assemblies in accordance with JSC Manual 5322, paragraph 7 1 410 level GC

{4} Inspection of surlaces assurning proper surface preparalion prior 1o apphicanon ol spequl surtuce coating
processes.

(5) Liquid dye penetrant inspection in accordance with MIL-STD-6886 alter madunmng, with no cracks
permissible
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"
FMEA NﬁM:.QT\' FAILURE MODE FAWURE EFFECT OH
DRAWING CRIT'Y (::‘325 -_— RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
1.11 ENERGY MR |19 Damage to pale :
ABSORBER Mode: during (6) Anodizing of aluminum surfaces as specified on engineering drawings; passivaung of inconel and steel
ASSEMBLY (4}, Fails to absorb | deployment if compenents, as defined by drawings.
SED27101365-301 pole force more than one .
: energy absorber (7} Proper assembly of components, torquing of threaded lasteners, alignment, and fitung of components inlo
Cause: taits the PCES in accordance with drawing requirements.
® Defective
material {8) Demonsiration of energy absorber funclional performance in the PCES in accordance with TPS insiructions;,
o Corrosion

visual inspection for damage.

d Turnaround The PCES end item is removed alter each flight and visually inspected, per OMRSD requirements,

prior to reinstaltabion for each mission. The 2 year inspections include visual examination of the eneirgy absorbers lor
signs of delerioration or damage and corrosion

4. Failure History. The energy absorber assembly is a newly designed hardware ilem and has no luilure history

S. Operational Use.

a. Operational Effect of Failure Probable loss of crew if more than ane energy absorber fuibs
b. Crew Acuon None.
¢. Crew Training. Nol applicable.

Mission Constrainls None. Mission would be lerminated prior Lo use of Lhis equipment

e In-Flight Checkoul. None
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